1n the last few years, the demand increased especially in the developing countries for food production. One of the parameters to increase the production quantitatively and qualitatively is the use of fertilizers by following the modern techniques in fertilization which needs a detail soil studies. This study highlighted on behavior of different forms of potassium, their distributions through soil profile, and the relationships between them and with soil other properties.
‫الــرافـديــن‬ ‫زراعـــة‬ ‫مـجـلـــة‬
( ‫المجلد‬ 47 ( ‫العدد‬ ) 2 ) 2019 by drought, frost, salinity and disease (Rehm and Schmitt, 2002; Lakudzala 2013; Hasanuzzaman et al., 2018) Therefore, among the essential plant nutrients, potassium assumes greater significance since it is required in relatively larger quantities by plants and besides increasing the yield, it immensely improves the quality of the crop product.
Potassium in soil can be allocated to four forms, Water soluble-K, which is taken up directly by plant, Exchangeable potassium, which is held by the negative charges on exchange site of clay and organic matter and is available to plant, Soil soluble and exchangeable potassium are in equilibrium and collectively known as the readily available potassium. fixed-K which is trapped between layers of expanding lattice clays, and lattice K and integral part of primary K bearing minerals. Plants utilize not only the readily available-K but also the less readily available-K during their growth (Darunsontaya et al., 2012) .
Although most of the Iraqi soils have been too reported to be rich in potassium but due to cultivation of high yields varieties of crops with optimum applications of high rates of N and P tend to deplete the K reserve of soil at faster rate. To formulate a good fertilizers recommendation, potassium supplying capacity of soil is essential. This will be depend not only on the available-K content of soil, but a sound knowledge of different forms of K and their relationship among themselves is also required. Therefore, the present investigation was carried out with the following objectives. To determine the distribution of potassium in surface and sub-surface soils of Agriculture in different forms and find the relationship of different forms of potassium with other important physic -chemical properties.
MATERIALS AND METHODS
To evaluate the depth distribution of K in soil profile sample were collected from two depths (0-15 and 15-30 cm) at eleven location giving a total of 22 samples. These soil samples were air dried, crushed in wooden mortal and passed through 2 mm plastic sieve for physic-chemical analysis including texture, pH, EC, OM, CaCO3 and CEC, using the following standard procedures (Table 2) .
Particle analysis, was carried out using the hydrometer method of Bouyoucos as described by Gee and Bauder, (1986) . Different sizes that is sand, silt and clay was this determined by hydrometer. All the collected samples were analyzed (percent silt and clay was estimated by hydrometer and percent sand was calculated by subtracting silt and clay from 100). The pH values was determined in 1:1 soilwater suspension after stirring for 30 minutes using a pH meter and EC meter (Page, 1982) . was measured in 1:1 soil water suspension after stirring for 30 minutes using E.C meter (Page, 1982) . Organic carbon was determined by wet oxidation method Walkelly and Black's as described by (Piper,1996) . Cation exchange capacity (CEC) was determined using ammonium acetate method (Page, 1982) .
Water soluble-K was estimated by shaking 1g of soil with 1:1, soil, water ratio, after shaking for 30 minutes on mechanical shaker and later filtered to obtain clear extract according to Pratt, (1982) . Exchangeable-K was determined by shaking 10g of soil sample in 1 M of NH4OAC (buffered at pH 7) followed by filtration as describe by (Pratt, 1982) . Non-exchangeable-K was determined using 5.0g of soil ‫الــرافـديــن‬ ‫زراعـــة‬ ‫مـجـلـــة‬ ( ‫المجلد‬ 47 ( ‫العدد‬ ) 2 ) 2019 sample boiled in 50 mL of 1 M HNO3 solution. The difference between K extracted through HNO3 and exchangeable-K was taken as non-exchangeable-K as describe by (Hay lock, 1956) . Total-K was measured by digesting 2g of soil samples with 20 mL of HClO-HNO3 acid mixture and leached with HCl according to (Jackson,1958) . Mineral-K was calculated by subtracting total-K from HN03 extractable. All K forms extract were analyzed using the flame photometer.
Table (1): Location of soil sampling site through GPS and classification of investigated studied soils.
RESULTS AND DISCUSSION 1-Available potassium
The available-K content in the studied soils were ranged from 0.708 -1.167 cmol.kg -1 with a mean of 0.853 cmol.kg -1 for surface soil and 0.559 -0.997 cmol.kg -1 with a mean of 0.730 cmol.kg -1 for subsurface soil (Table 3) . The values of available-K were higher in the surface soils as well as sub surface depths. Similar results were also reported by (Mandal et al., 2011) ; (Siddiqua et al., 2018) . Table 4 presents the correlation analyses of different forms of K with soil properties which showed that available potassium was significantly and positively correlated with CEC (r=0.842**) clay (r=0.752**) and silt (r=0.610**) and negatively correlated with CaCO3 (r=-0.780 **). Amongst K forms and available-K was significantly correlated with water soluble-K (r=0.684**), exchangeable-K (r=0.978**), non-exchangeable-K (r=0.532**), total-K (r=0.623**) and lattice K (r=0.546**). Similar results were also reported by (Saini and Grewal.,2014) . The positive correlations between forms of potassium with other forms indicates that the available-K is governed by the other forms of potassium in the soil. 
2-Water soluble potassium
The water soluble H2O-K in calcareous soils of Northern Iraq varied from 0.006-0.146 Cmol.Kg -1 with a mean of 0.044 Cmol.Kg -1 for surface soil. The subsurface water soluble-K content varied from 0.003-0.105 cmol.kg -1 with a mean of 0.028 cmol.kg -1 table 3. Similar results were also reported by (Siddiqua et al., 2018.) Maximum values of surface and subsurface soil water soluble-K was 0.146 cmol.kg -1 and K 0.105 cmol.kg -1 observed in location 7. While, the minimum value of water soluble K in surface soil 0.006 cmol.kg -1 and sub-surface 0.003 cmol.kg -1 was noticed in location 2 respectively. (2) 2019 In general, most of the soils recorded higher water soluble-K at surface as well as sub-surface. This variation might be due to nature and intensities of cropping pattern, clay content, weathering stages of K bearing minerals (primary and secondary) and organic matter content in soil. Similar results were reported by (Subba Rao et al., 1991) ; (Raskar and Pharande., 1997) .
The data in table 3 showed that the level of soluble potassium is too small comparing with other potassium forms. It is also evident that soluble potassium comprises no more than 0.060 and 0.090 percent of total potassium in the soil two successive layers. These results is in agreement with (Ghiri1 and Abtahi., 2011) . the study showed that soluble-K comprised only 0.03 and 0.06 percent of the total-K in the surface and subsurface soils respectively.
The values of the correlation coefficients for different soil properties and soil K forms in selected locations are presented in table 4. Water soluble-K was highly and significantly correlated at 1% probability level with exchangeable potassium (r=0.520**), available potassium (r=0.684**) and Kn potassium (r=0.607**). These results agreed with (Samadi et al., 2010) which found a positive correlation between water soluble with exchangeable (r=0.946**), and available-K (r=0.967**) at P<0.05. This observation was not unexpected because exchangeable potassium is usually released into the soil solution from the exchange complex when plants deplete the soluble potassium which indicate that the exchangeable potassium pool will determine the effectiveness of K re-supply, as well as the concentration of K in the soil solution.
The positive correlation coefficients between this form of K with other forms indicates that the available-K was governed by the other forms like total and nonexchangeable potassium. Water soluble-K was also found that significantly and positively correlated with the soil properties such as CEC (r=0.566**), clay (r=0.775**), silt (r=0.477*), EC (r=0.707**) and O.M (r=0.695**).The water soluble-K showed a positive correlation with sand (r=0.504**), which may be due to the fact that K ion present on sand particles can release easily into the solution (Al-Zubaidi and Pagel, 1979) .
3-Exchangeable potassium
Exchangeable potassium (NH4OAc-K), which was held by the exchange sites of negative charges on soil clay and organic matter, plays a very important role in the growth of plants. Exchangeable and solution potassium ware only sources of potassium which are readily available to plants. The exchangeable potassium ware in equilibrium and collectively known as the readily available potassium pool (Shaikh et al., 2007) .
The exchangeable potassium content of calcareous soils of Northern of Iraq varied from (0.691 to 1.124) Cmol.Kg -1 in surface layer. The sub-surface exchangeable-K content varied from (0.554 to 0.914) Cmol.Kg -1 . The mean value of exchangeable-K was (0.853 and 0.730) mg kg-1 in surface and sub-surface layers, respectively.
The calcareous soils recorded more exchangeable potassium at surface as well as sub surface depths.. The higher exchangeable-K status of surface layer could be due to application of K fertilizers, crop residue, high organic carbon content and higher biological activities. These findings were similar with the results observed by Raskar and Pharande, (1997) for black soils of Maharashtra.
The higher exchangeable-K status of surface layer could be due to the high degree of weathering of the surface soil, the release of soluble-K from crop residue , the addition of K fertilizers, high organic carbon content , higher biological activities and the upward translocation of soluble-K due to the capillary rise of the groundwater (Venkatesh and Satyanarayana., 1994) . These findings were similar with the results observed by (Saini and Grewal.,2014) .
Exchangeable-K was highly and significantly correlated at 1% level of probability with available-K (r=0.978**), water soluble-K (r=0.520**),step (r= 0.560**) , Kn (r=0.914**),nonexchangeable-K (r=0.560*), total-K (r=0.659**) and lattice K (r=0.583**) . These findings are similar to those of Singh et al., (2001) and Gangopadhyay et al., (2005) . The correlation of this form of K with others indicated that the different forms of K are in dynamic equilibrium.
The values of correlation coefficient of exchangeable-K with soil properties showed that non exchangeable-K was significantly and positively correlated with CEC (r= 0.827**) which may due be due to fact that increases in CEC, which in turn might have increased exchangeable K, organic carbon (r=0.676**), and clay content (r=0.664**), while whereas negatively correlated with CaCO3 (r=-0.791*). These results are in agreement with the findings of Mishra and Srivastava, (1993) , (Das et al., 2000) , (Singh et al., 2001) and (Sharma et al., 2009 ).
4-Non-exchangeable potassium
Nonexchangeable or fixed K differs from mineral-K that becomes slowly available to plants over the growing season in that it was not bonded within the crystal structures of soil mineral particles. It is held between adjacent tetrahedra layers of di octahedral and tri-octahedral mica, vermiculites, and intergrade clay minerals such as vermiculite (Sparks and Huang, 1985; Sparks, 1987) .
Nitric acid soluble-K (HNO3-K) is most frequently used as a measure of nonexchangeable-K which constitutes major part of the total-K. Acid (HNO3) extractable potassium, which is used as an index of non-exchangeable potassium and represents the supplying power of potassium for long-term cropping (Jackson., 1958) are shown in Table 3 .
It was observed that the non-exchangeable-K varied from 1.150 to 3.261 Cmol. Kg -1 in surface layer. The sub-surface Non-exchangeable-K content varied from 0.997 to 2.801 Cmol.Kg -1 . The average non-exchangeable potassium in surface soils of calcareous soils recorded (2.038) Cmol.Kg -1 while sub-surface layer recorded 1.742 Cmol.Kg -1 . In general there was no uniformity in the distribution of non-exchangeable-K within the profiles.
If we consider the critical value for non-exchangeable potassium to be 1.00 Cmol.Kg-1 (400) mg kg-1, as suggested by Pagel., (1972) , then the values of nonexchangeable potassium in twenty one soil samples are above this level (high in supplying power), and the remainder of the soil samples can be described as poor in supplying potassium.
correlation study of non-exchangeable-K with soil properties showed that it was significantly and positively correlated with silt (r=0.443*), organic carbon (r=0.578**) and clay content (r=0.479*), while whereas negatively correlated with CaCO3 (r=-0.414*). (Sharma et al.,2009 ) also reported similar results with different soil. The nonexchangeable K was also positively and significantly correlated with exchangeable-K (r=0.560**), Kn (r=0.633**) and total-K (r=0.510**).
5-Mineral-K
The mineral-K fraction of the soils was considered as difficultly available to the plants. Plants cannot use the potassium in these forms. However, with time, these minerals eventually break down, and small quantities of potassium are released to the soil solution. It found in the feldspars, mica and clay minerals which are part of the soil. The content of this K-form depends on soil type, type of primary , secondary minerals , types and quantities of clay minerals , removal of K from , the degree of weathering on the particle-size distribution,and environmental conditions (Rich., 1968) ; (Sharpley., 1987) ; (Das et al., 1993) ; ( Dhakad et al., 2017) .
The mineral-K content of calcareous soils of Northern Iraq varied 35.48 to 52.81 Cmol.Kg -1 in surface layer. The sub-surface mineral-K content varied 30.04 to 56.77 Cmol.Kg -1 . The mean values of the mineral-K in calcareous soils was ranged from 44.55 to 43.47 Cmol.Kg -1 in surface and sub-surface samples, respectively, Decreased non-exchangeable-K with soil depth has been reported (Ngwe et al., 2012) . However, in case of sub-surface soil such contribution of mineral-K total-K was ranged from 91.44 to 92.65 Cmol.Kg -1 , with a mean value of 92.03 percent Table 3. A highly significant (1% level) and positive correlation was also found between lattice K and total-K (r=0.990**). These results have indicated the existence of dynamic equilibrium between forms of K in soils and depletion of one is instantly replenished by one or more of the other forms of K. These results are in agreement with the findings of (Mandal et al., 2011) also observed the per cent contribution of mineral K to total K in soils was > 90%, thus indicating the dominance of this form over the other forms of K.
The correlation values for different soil K forms in selected soil types are presented in tables 4. The mineral-K was highly and significantly correlated at 1% level of probability with exchangeable potassium (r =0.783**), step potassium (r = 0.410**) , and Kn potassium (r=0.445*).
The mineral-K was significantly and positively correlated with clay (r=0. 0.490**) which may be due to presence of K bearing minerals in clay content and silt fractions. Similar trend followed for total-K as that of mineral-K as much of mineral-K is contributed to total-K and finer fractions of soils rich in K-bearing minerals as it is evident from the correlation coefficients. The mineral-K was significantly and positively correlated with CEC (r=0.491**) , and pH (r=0.423*) whereas negatively correlated with CaCO3 (r=-0.498**). The present results were in agreement with the findings of (Kundu et al., 2014) , (Jagmohan and Grewal., 2014) .
-Total potassium
Total-K was a large portion of the total potassium in soil occurs as structural component of soil minerals and was unavailable to plants (Lalitha and
Dhakshinamoorthy., 2014). The content of total potassium depends on the type of parent material, type of primary and secondary minerals and type of soil fractions.
The total potassium content of calcareous soils of Northern Iraq varied from 38.78 to 58.65 Cmol.Kg -1 in surface layer. The sub-surface total potassium in the studied soils content varied from 32.55 to 60.88 Cmol.Kg -1 . The average values of The total-K in was high in the studied calcareous soils 48.72 and 46.92 Cmol.Kg -1 in surface and sub-surface samples, respectively. The higher content in higher altitude may be attributed due to the presence of illite, mica and feldspars as a primary potassium bearing minerals which are capable of releasing large amount of potassium. Similar results were also reported by (Mushtaq and Raj, 2008 ) .
More than 92.03.% of the total potassium in the studied soils was in the mineral phase, only1-2% of the total soil potassium is in a readily available form plant Continuous crop production without potassium application may result in mica weathering to biotite , vermiculite or smectite and decomposition of feldspar structure over a longer period of time (Shaikh et al., 2007) .
The water soluble, exchangeable; available ; nonexchangeable and mineral potassium constituted only 0.075 ; 1.65 ;.1.73 ; 3.95 and 92.03 percent of the total-K, indicating that the percent contribution of mineral-K to total-K in these soils was >90 percent. It can be inferred that dominance of this form of K over the other forms. Similar observation were made by (Sharma et al., 2009) . The total-K was significantly and positively correlated with clay content (r=0.547**), CEC (r=0.542**), and pH (r=0.497**) Similar observation were made by (Sharma et al., 2006) . These relationships explain that the finer fractions of the soils are in primary sources of potassium in the soils. The results also point out that the light textured soils would be depleted easily than heavy textured for native potassium. Therefore, continuous monitoring of soil potassium status is essential in these types of soils. whereas negatively correlated with CaCO3 (r= -0.553**) and non-significantly and positively corrected with organic carbon (r=0.410).
CONCLUSION
Potassium is very important for plant survival under all condition. It is not only a part of the chemical structure but also plays vital regulatory function in biochemical and physiological processes that contribute to plant growth and development .Results obtained in the present investigation thus, revealed that distribution of different K forms in soils is greatly influenced by soil properties and inter-relationships amongst themselves. Mineral-K contributed maximum than (92 %) towards total-K. The positive correlation with clay (r= 0.757*) showed that some of K+ adsorbed are on the edge of inner side of lattice, which could be replaced by exchangeable sites. Further highly significant and positive correlation was observed between different forms of K, indicating the existence of equilibrium between these forms of K and depletion of one is instantly replenished by one or more of the other forms of K.
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